Chemical composition of the empty body was determined in 159 animals slaughtered at weights ranging from 121 to 706 kilograms. Holstein and Angus bulls, steers and heifers were fed at two energy levels: ad libitum and 65 to 70% ad libitum. The allometric equation, Y = aXb, was used to determine the effect of energy intake and the influence of breed and sex on the accretion rates of the chemical components relative to the growth of the empty body or fat-free empty body. Group comparisons for chemical composition were made after adjustment by regression to a common empty body weight. The expression of the sex influence on the accretion rates of water, protein and ash relative to the empty body depended on the breed and the energy intake level considered. The accretion rate of chemical fat was not influenced by sex. Genetic differences in the accretion rates relative to the empty body were detected only among animals in the high energy intake group. Regardless of sex, the accretion rates of protein and ash were more rapid (P<.05) in Holsteins than in Angus. However, a breed influence on the accretion rate of chemical fat was detected only among bulls, where Angus had a more rapid accretion rate. Feeding animals at two energy levels resulted in different accretion rates relative to the empty body. In the Angus breed, regardless of sex, the accretion rates of water, protein and ash were more rapid (P<.05) in the low intake group, whereas the accretion rate of chemical fat was slower (P<.05). Among Holsteins, the low energy intake level had a less definite effect; for bulls, the accretion rates of water and chemical fat were more rapid (P<.05) and slower (P<.05), respectively; for steers, the accretion rate of protein was more rapid (P<.05), and for heifers, none of the accretion rates was altered.
Introduction
In his expos6, Hammond (1932) stated that body growth in sheep resulted from the differential growth gradients of body tissues and parts. Bone developed early, followed by muscle and fat tissues, the latter being a late developing tissue. These principles of growth were also verified for cattle (Callow, 1948; Berg and Butterfield, 1968; Murray et al., 1974; Robelin et al., 1977) . Similarly, the rates of the accretion of the chemical components were found to exhibit differential gradients (Reid et al., 1968; Murray et al., 1975; Robelin et al., 1979) . Ash, protein and ether extract had slow, intermediate and fast rates of accretion, respectively.
Various studies (Berg and Butterfield, 1976; B6ranger and Robelin, 1977) have shown a breed and sex influence on these accretion rates as well as on body composition. There are conflicting reports on the effect of plane of nutrition. Hammond and his co-workers (McMeekan, 1940; Palsson and Verg6s, 1952) contributed to the view that the plane of nutrition influenced the development of the various body parts differently, depending upon their nutrient priorities and needs relative to supply. Several recent studies and reviews have also indicated that as the plane of nutrition (above mainteassistance.
nance) is lowered, the relative growth of muscle 604 JOURNAL OF ANIMAL SCIENCE, Vol. 51, No. 3, 1980 is slightly modified, whereas the relative growth of fat is significantly decreased (Jarrige, 1972; Andersen, 1975; B6ranger and Robelin, 1977) . These views were first challenged by Wallace (1948) . Furthermore re-examination of the data of McMeekan (1940) and Palsson and VergEs (1952) by means of the model Y = aXb (Tulloh, 1963; Reid et al., 1968; Reid, 1972) , showed that much of the variation in the logarithms of the weights of the body components was ascribable to the variability in the logarithms of the body weight at slaughter. Recent studies with animals maintained in a positive energy balance (Guenther et al., 1965; Stuedemann et al., 1968; Murray et al., 1975; Jesse et al., 1976) also support the concept that plane of nutrition does not influence the composition of the body independent of its influence on the weight of the body. It was postulated that the most important variable affecting body composition is weight of the empty body and that the plane of nutrition affects the time necessary to reach a given body weight but does not affect, to a large degree, the chemical composition of the body.
The present study was undertaken to determine the influence of breed (Holstein and Angus) and sex (male, castrated male and female) and the effect of two levels of energy intake (ad libitum and 65 to 70% ad libitum) on the relative accretion rates of water, protein, ether extract and ash in the empty body and on the chemical composition of the empty body.
Experimental Procedures
One-hundred and fifty-nine animals (table 1) were used in this study. The first replicate of the study extended from March 1972 to February 1973, and the second was conducted between March 1973 and December 1974.
First Replicate. Thirty-three Angus calves (4 to 7 months of age) and 41 Holstein calves (2 months of age) were purchased from various farms in New York state. Upon arrival at the Cornell farm, the Angus calves were fed alfalfa and orchard grass hay for 6 weeks and then gradually switched to the experimental diet; the chemical composition of which is shown in table 2. For the Holstein calves, a gradual change from a calf starter diet to the experimental diet was accomplished during the first 10 days. Four weeks before the beginning of the experimental feeding period, all animals were individually stanchioned and fed.
At the start of the experimental period, five Holstein bulls and four Holstein heifers (average 18-hr shrunk body weight 171 kg) and four Angus bulls and five Angus heifers (average 18-hr shrunk body weight 203 kg) were slaughtered. The remaining animals were randomly divided into groups of six (two bulls, two steers High  5 c  2  2  2  3  3  2  2  Low  0  2  2  2  O  2  2  2  Steer  High  0  1  1  1  3  2  2  2  Low  0  1  1  1  0  2  2  2  Heifer  High  4  1  1  1  3  2  1  2  Low  0  1  1  1  0  2  1  2  Bull  High  4  1  1  2  5  1  2  1  Low  0  1  1  2  0  1  2  1  Steer  High  0  1  1  2  3  1  2  2  Low  0  1  1  2  0  1  2  2  Heifer  High  5  1  1  2  4  1  2  2  Low  0  1  1  2  0  1  2  2 aEight Holsteins (three bulls, three steers and two heifers) in the high feed intake group were slaughtered at 406 days on experiment.
bone Angus bull in the high feed intake group was killed at 238 days on experiment.
CNumber of animals. Second Replicate. Forty-one Angus calves (6 to 8 months of age) and 44 Holstein calves (4 to 6 days of age) were purchased from farms in Virginia and Qu6bec. Both breeds were groupfed until 1 month before the beginning of the experimental feeding period. During that month, the animals were placed in individual stanchions and fed individually. Angus calves were treated in the same manner as in the first replicate, whereas the Holstein calves, upon arriving at the Cornell farm, were fed a commercial veal grower diet until they were 2 months old and a commercial veal starter diet until they were 3.5 months of age, at which time they were placed on the experimental diet.
At the start of the experimental feeding period, two base line groups, one for each breed, were slaughtered (table 1). The Angus (five bulls, three steers and four heifers) and Holstein (three bulls, three steers and three heifers) base line groups were slaughtered at average 18-hr shrunk body weights of 190 and 223 kg, respectively. The remaining animals of both breeds were again divided into groups of six (two bulls, two steers and two heifers).
Within each group, one animal of each sex was randomly assigned to the ad libitum treatment, while the other animal of the same pair was fed at a level corresponding to 65% of the ad libitum level. The groups were then randomly assigned to a slaughter group (table 1). The time of slaughter was determined by the number of days necessary for an Angus pacesetter bull to reach 360 kg, 450 kg, or 550 kg (93, 284 and 395 days, respectively) as shown in table 1.
Slaughter and Chemical Analyses. All animals were slaughtered after an 18-hr fast and dressed at the University abattoir. Immediately after slaughter, the noncarcass components (blood, hide, tail, feed, empty digestive tract, liver, heart, lungs, spleen, kidneys, tongue, reproductive tract) were ground as one sample (Autio Co. grinder, Astoria, Oregon, Model 1101, 10-mm aperture plate). To ensure an adequate sampling, the noncarcass tissues were passed through the grinder seven times. After cooling for 48 hr at 2 to 4 C, the left side of the carcass was handled in the same manner as the noncarcass components.
Samples of 1 kg of tissue were freeze-dried for 5 days with loss of weight considered to be due to water loss. The dried sample was then subsampled for determination of ether extract, ash and protein. Extraction of fat was accomplished by refluxing of the freeze-dried sample with anhydrous ethyl ether for 72 hr, and weight loss was considered to be ether extract. The ether extract residue was then ashed at 550 C in a muffle furnace for 24 hours. Protein was determined by a modified macroKjeldahl procedure (Scales and Harrison, 1920) with boric acid.
The chemical composition of the empty body was calculated as: (chemical composition of the noncarcass components) + (2 x chemical composition of left side of carcass). Empty body weight was defined as: (18-hr shrunk body weight) -(content of the digestive tract).
Statistical Analyses. The chemical composition of an animal changes during growth (Hammond, 1932) . Therefore, for assessment of the compositional changes throughout the growth period, data should be collected from different animals at different stages of growth (serial slaughter technique). Seebeck (1968) and Berg et al. (1978) demonstrated that the allometric function, Y = aXb (Huxley, 1932) , is the most appropriate model for describing part-to-whole relationships. In the allometric equation, the coefficient (b) represents the growth rate of Y relative to X. A b value greater than 1 indicates that the growth of Y takes place at a faster rate than the growth of X, whereas a b value of less than 1 indicates that the growth rate of y is slower than that of X.
Because of the differential growth rates of the various tissues, comparisons of carcass composition should be made at standard weights (Berg and Butterfield, 1968) . However, when the serial slaughter technique is used and, hence, when slaughter weight varies, it is possible, by use of regression analysis (Y = aXb), to make comparisons at common weights. This method also allows the examination of changes in composition associated with differences between breeds and sexes and between groups of animals subjected to different nutritional treatments.
To apply least-squares techniques, we converted the equation, Y = aXb, to the logarithm function, logl0Y = logl0a + b logwX. The influence of breed and sex and the effect of the level of energy intake on the accretion rates of the various chemical components of the empty body were evaluated by comparison of the (b) coefficients obtained from the allometric equation (Steel and Torrie, 1960) . Heterogeneity of the standard errors of the various growth coefficients was taken into account by the Behrens-Fisher Test. Furthermore, comparisons of the various group means adjusted by regression to a common empty body weight (325 kg) were also made. Significant differences between adjusted group means were tested by Duncan's multiple range test (Steel and Torrie, 1960) .
Separate analyses were performed for the two replicates. However, the relationships were found to be similar for both replicates; therefore, the data were combined and the following model (Model I) was used: S k = fixed effect of the kth sex, Blij = fixed effect of the ith breed and jth level of energy intake, BSik = fixed effect of the ith breed and the kth sex, ISjk = fixed effect of the jth level of energy intake and kth sex, BISij k = fixed effect of three-way interaction, bij k = regression coefficient for the k th sex within the jtn level of energy intake and the ith breed, Xijkl = logarithm (base 10) of empty body (kilograms) or fat-free empty body weight (kilograms) of the ijkl th animal and eijkl = random error term.
Results
The distribution of animals by intervals of 50 kg slaughter weight is shown in table 3 for each sex within energy intake level and breed. The empty body weight (slaughter weightweight of ingesta), the fat-free empty body weight and kilograms of water, protein, ether extract and ash in the empty body are presented in table 4 for each sex within energy intake level and breed. The average empty body weight varied from 237.9 kg for the low intake Holstein heifers to 349.6 kg for the high intake Angus steers. This variation in empty body weight rendered comparisons of the chemical composition between subclass means somewhat meaningless. However, regression techniques permitted meaningful comparisons by adjusting the various subclass means to a common empty body weight.
Several workers (Elsley et al., 1964; Reid, 1972; Berg and Butterfield, 1976; Robelin et al., 1979) have suggested that since the major variable component in the body is fat, the body can be divided into two components; namely, fat and fat-free components. Therefore, we calculated the accretion rates of the various chemical components relative to the empty body as well as to the fat-free empty body. The mean square values of the various fixed effects calculated with empty body weight and fat-free empty body weight used as covariates are presented in table 5. Generally-and regardless of the covariate used-the fixed effects were different (P<.01).
Accretion Rates Relative to Empty Body Weight. The accretion rates of water, protein, chemical fat and ash relative to the empty bcovariate: logt0 (fat-free empty body weight).
CFixed effect was not significant at the 5% level. All other fixed effects were significant at P<.O1.
body weight are presented in table 6 for each group of animals. Among Holsteins, the accretion rates of water and protein were more rapid (P<.05) in the high intake bulls than in the high intake steers or heifers, whereas no difference in the accretion rates of water and protein was observed between bulls, steers and heifers in the low intake group. Among animals in the high intake or low intake groups, the accretion rate of analytical fat was not affected by sex. Ash was deposited at a faster rate in the high intake bulls and steers than in the high intake heifers. For the Angus breed, the accretion rates of water and protein were influenced by sex (P<.05), but only in the high intake group. Indeed, in the high intake group, heifers deposited water at a lower rate than steers and bulls, and the accretion rate of protein was more rapid (P<.05) in bulls than in steers and heifers. Within energy intake groups, sex did not influence (P>.05) the accretion rates of ash or analytical fat. Among Holsteins-except bulls, for which the accretion rate of analytical fat was more rapid in the high intake group than in the low intake group-the level of energy intake did not alter (P>.05) the accretion rates of ash and analytical fat. However, an influence on the accretion rates of water and protein due to the level of energy intake was observed, but this effect was a function of the sex compared. Indeed, the effect was detected only in bulls and in steers, for which accretion rates were more rapid in the low intake animals. Among Angus, the level of energy intake had a more definite effect (P<.05) on the various accretion rates. Within each sex, the rates of accretion of water, protein and ash were more rapid in the low intake animals than in the high intake animals, whereas the accretion rate of analytical fat was slower.
The influence of breed on the rates of accretion was observed only in the high intake animals. Regardless of sex, the rates of accretion of protein and ash were more rapid (P<.05) in Holsteins than in Angus. However, the influence of breed on the accretion rates of water and analytical fat was detected (P<.05) only in bulls and heifers (table 6), for which the accretion rates were, respectively, more rapid and slower in Holsteins than Angus.
Accretion Rates Relative to Fat-free Empty
Body Weight. When the accretion rates of the chemical entities were expressed relative to the growth of the fat-free empty body (table  7) , the values of the various accretion rates became more homogeneous. Among Holsteins, the rates of accretion of water and protein relative to the fat-free empty body weight were not influenced by sex at either level of energy intake. However, the rate of accretion of analytical fat was slower (P<.05) in bulls than in steers and heifers in the high intake group. Among Angus, the accretion rates of water, protein, ash and analytical fat were homogeneous between sexes. Within breed and sex, the level of energy intake did not alter the accretion rates of water, protein and ash relative to the fat-free empty body. However, an effect on the accretion rate of analytical fat was detected (P<.05). Among Holsteins, analytical fat was deposited at a slower rate (P<.05) in the low intake bulls than in the high intake bulls, whereas no effect was detected for Holstein steers and heifers. Among Angus, analytical fat was deposited (P<.05) at a slower rate in the animals (bulls, steers and heifers) in the low intake group. Except for the accretion rates of water in high intake steers, of analytical fat in high intake bulls and of ash in high intake bulls and steers, breed did not (P>.05) influence the accretion rates of the various chemical components when expressed in relation to the growth of the fat-free empty body.
Cbemical Composition Adjusted to a Common Empty Body Weigbt. The chemical compo-
sition of the empty body adjusted to a common empty body weight of 325 kg is presented in table 8 for each sex within breed and level of energy intake. Among Holsteins, bulls fed at either level of energy contained more (P<.05) water than did steers and heifers fed at the corresponding energy intake level. Within each intake group, steers contained less (P<.05) fat and more (P<.05) protein than heifers, but more (P<.05) fat and less (P<.05) protein than bulls. High intake heifers contained less ash than steers and bulls. No influence of sex on ash content was detected among the low intake Holsteins. Among Angus, sex influenced (P<.05) the water, protein and analytical fat content of the empty body, irrespective of level of energy intake. Bulls contained more water, more protein and less fat than heifers; steers were intermediate. Animals in the low energy intake group contained more water, more protein, less fat and more ash (P<.05) than did their counterparts in the high intake group. This held true for each sex within each breed.
In the high intake group, Holstein bulls and heifers contained more water than did their Angus counterparts, whereas in the low intake group, the breed difference was apparent (P<.05) only among heifers. Protein content (within each level of energy intake) was higher in Holstein heifers than in Angus heifers, whereas no breed influence was noted (P>.05) among steers and bulls. A breed influence on the fat and ash content of the empty body was also observed (P<.05). In general, Holsteins contained less fat and more ash than Angus, irrespective of sex or level of energy intake.
Discussion
This study compared the chemical composition of the empty body and the accretion rates of the chemical components among bulls, steers and heifers of the Holstein and Angus breeds which had been fed at two levels of energy (ad libitum and 65 to 70% ad libitum). Little information is available on the accretion rates of the various chemical entities, especially for bulls and heifers. Robelin et al. (1979) reported accretion rates relative to the empty body of 1.48, 1.03, .92 and .85, for chemical fat, protein, water and ash, respectively, for Limousin bulls fed ad libitum. Murray et al. (1975) reported accretion rates relative to the carcass of 2.197, .535, .564 and .401, respectively, for Angus steers fed ad libitum. In those two reports, an accretion rate for chemical fat higher than 1 indicated that, when animals were allowed to express their feed intake capacity, proportionately more chemical fat was deposited as the animal became heavier. A similar pattern was observed among the high intake animals (both breeds and all sexes) in this study (table 6) .
The influence of sex on the accretion rates of the various chemical components relative to the empty body depended on the breed considered as well as the level of the energy intake (table 6). For instance, among Holsteins and Angus, a sex influence on the accretion rate of protein was detected (P<.05) in the high intake group, whereas none was observed in the low intake group. Furthermore, the accretion rate of ash was influenced by sex, but only in Holsteins. Relative to the growth of the empty body, the accretion rate of analytical fat in Holsteins or Angus was not influenced by sex. However, we found that at a common empty body weight of 325 kg, bulls contained (P<.05) less fat than heifers, while steers were intermediate (table 8) . In a review of the chemical composition of several species, Reid (1972) indicated that the chief variable component was fat and that the variation in the other components was a reflection of the changes in the amount of fat. He suggested that lipogenesis was the major process affecting body composition. Berg and Butterfield (1976) also suggested that differences in the chemical composition of the empty body result from a difference in the onset of rapid fattening, a difference in the rate of fattening or a combination of both. Since the accretion rate of fat was not influenced by sex, we concluded that differences in the fat composition of the empty body between bulls, steers and heifers resulted from differences in the time of onset of the phase of rapid fattening.
Genetic influence was detected only among the high intake animals. The low level of energy intake inhibited the expression of any genetic differences. It appeared that because of a reduction in the availability of nutrients, these animals were not able to fulfill their genetic potential. The accretion rates of protein, water and ash relative to the empty body were higher in Holsteins than in Angus. However, a breed influence on the accretion rate of chemical fat was observed only among high intake bulls. As indicated previously, differences in the chemical composition of the body are a reflection of the various patterns of fattening (Berg and Butterfield, 1976) . For steers and heifers, since the accretion rate of chemical fat in the high energy, intake animals was not influenced by breed, the differences observed between Angus and Holsteins (table 8) in the fat content of the empty body were the results of differences in the time of onset of rapid fattening rather than differences in the accretion rate of fat. For the high intake Angus and Holstein bulls, a different pattem was observed: the accretion rate of fat was slower in the Holsteins than in the Angus. However, from the available data, it is not possible to determine whether the difference in the accretion rate of fat was real or whether it resulted from the onset of rapid fattening taking place during the experimental period and, hence, indirectly causing a difference in the accretion rate of fat. Berg and Butterfield (1976) reviewed several reports on breed differences in the fat content of carcasses of steers and concluded that breed differences resulted mainly from differences in the onset of the rapid fattening phase rather than from differences in the rate of fattening once this phase had begun. Examination of the data reported by Berg et al. (1978) on the physical composition of bull carcasses of various breeds leads to similar conclusions. However, in another report, Mukhoty and Berg (1971) calculated the growth coefficients of fat relative to muscle and bone in bulls, steers and heifers of several breeds and concluded that genetic differences in the fat content of carcasses could have resulted from differences in the rate of fattening as well as from differences in the onset of rapid fattening.
In this study, feeding animals at two levels of energy resulted in different (P<.05) rates of accretion for the various chemical components relative to the empty body weight (table 6~. The magnitude of the response was a function of the breed considered. Geay and Robelin (1979) and Robelin (1979) also observed a genotypic variation in the response to various levels of feeding. Early maturing breeds were found to be more responsive to different levels of energy intake than were late maturing breeds. Findings from several reports on the effect of energy intake on the chemical composition of sheep (Burton and Reid, 1969; Drew and Reid, 1975) and cattle (Murray et al., 1975; Jesse et al., 1976) do not agree with the findings of this study. Burton and Reid (1969) showed that, in Shropshire wether lambs, energy level (65% ad libitum and ad libitum) had no differential effect on the accretion rates of the various chemical components of the empty body. Drew and Reid (1975) reported similar findings for crossbred wether lambs fed at two levels (ad libitum and 70% ad libitum). Murray et al. (1975) found that, in Angus steers, the rates of accretion of protein, ether extract and ash in the carcass relative to the carcass side were not altered by different growth rates. Jesse et al. (1976) , who fed different proportions of shelled corn and corn silage to Hereford steers, did not observe any effect of the dietary energy level on the carcass or empty body water, protein and ether extract, whereas differences were noted in ash content. Reid (1972) suggested that the variation in chemical composition of the body was mainly a reflection of the variation in the fat content of the body. To determine the effect of energy intake level on the accretion rates of water, protein and ash independent of its effect on the accretion rate of fat, we divided the composition of the empty body into a fat and a fat-free component and determined the accretion rates of the various chemical compounds relative to the weight of the fat-free empty body. The major effect of the two levels of energy intake was on the accretion of analytical fat (table 7) . The different accretion rates of the other chemical components relative to the empty body (table 6) merely resulted from a change in the accretion rate of fat.
